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SPECIFICATION 



1. TITLE OF THE INVENTION 

Piezoelectric remaining amount detection device 

2. WHAT IS CLAIMED IS 

A piezoelectric remaining amount detection device for 
detecting a remaining amount of liquid or powder based on a change 
in vibration of a vibrating plate to which a piezoelectric porcelain 
plate having a divided electrode is bonded, wherein the 
piezoelectric porcelain plate has a shape of a circular disk and 
the divided electrode is provided in a concentric manner on one 
surface of the piezoelectric porcelain plate. 

3 . DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a piezoelectric remaining 
amount detection device that detects a level of liquid such as 
water or powder in a container based on a change in vibration of 
a vibrating plate to which a piezoelectric porcelain plate is bonded 
so as to detect whether or not the remaining amount is equal to 
or less than a predetermined amount. More particularly, the 
present invention provides the piezoelectric remaining amount 
detection device that can be manufactured easily and perform a 
reliable operation. 

This type of piezoelectric remaining amount detection device 
conventionally has a structure shown in Figs, la and lb. In Figs, 
la and lb, 1 denotes a vibrating plate in the form of a circular 
disk, that is formed by a metal plate, a printed board, or the 
like. 2 denotes a piezoelectric porcelain plate bonded to adhere 
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to the vibrating plate 1. On a surface of the piezoelectric 
porcelain plate 2, divided electrodes 4 and 4 1 are formed with 
a separating space 3 provided therebetween. Lead wires 5 and 5' 
are connected to the electrodes 4 and 4*, respectively. An 
electrode on a rear surface of the piezoelectric porcelain plate 
2 is connected to a shield wire 6 via the vibrating plate 1. A 
periphery of the vibrating plate 1 is bonded and fixed to one end 
of a cylindrical case 7 formed of metal or resin. A flat plate 
8 is bonded and fixed to an upper face of the cylindrical case 
7. In this manner, the piezoelectric porcelain plate 2 is 
accommodated in a space formed by the vibrating plate 1, the 
cylindrical case 7, and the flat plate 8. 

When being used, the piezoelectric remaining amount 
detection device having the above structure is put in liquid such 
as water or powder in a container and is fixed to the container. 
In this state, the lead wires 5 and 5' and the shield wire 6 are 
connected to an external circuit and the vibrating plate 1 is 
vibrated at a frequency approximately equal to a resonant frequency 
of the vibrating plate 1. 

In a case where the amount of an object to be measured is 
large and the vibrating plate 1 is arranged in the object to be 
measured, vibration of the vibrating plate 1 is suppressed by the 
object to be measured and therefore an output voltage of the 
vibrating plate 1 is small. However, in a case where the amount 
of the object to be measured is reduced and the remaining amount 
of the object is lower than the vibrating plate 1, the vibrating 
plate 1 vibrates with a large amplitude and the obtained output 
voltage is large. Thus, the remaining amount of the object to 
be measured can be detected based on the magnitude of the output 
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voltage . 



However, in the conventional structure, the piezoelectric 
porcelain plate 2 that is used is rectangular, as shown in Figs, 
la and lb, the divided electrodes 4 and 4 1 are formed on the right 
and left with a center of the piezoelectric porcelain plate 2 
arranged therebetween, one of the divided electrodes 4 and 4 1 is 
used for driving the vibrating plate 1 and the other divided 
electrode is used for taking an electric signal out. Thus, the 
vibrating plate 1 is driven at a position shifted from the center 
toward the periphery to prevent the vibration of the vibrating 
plate 1 from being symmetrical with respect to the center. This 
results in a drawback that the output voltage is unstable. 
Especially, in a case where the detection device is used while 
being attached perpendicularly to a surface of the object to be 
measured, e.g. , a liquid surface, the output voltage is large when 
the driving divided electrode 4 is located parallel to the liquid 
surface, as shown in Fig. 2a, whereas the output voltage is small 
when the driving divided electrode 4 is inclined with respect to 
the liquid surface , as shown in Fig . 2b . That is , there is a drawback 
that it is difficult to detect a level of the liquid to obtain 
a constant level of the output. Moreover, it is very difficult 
to bond the piezoelectric porcelain plate 2 to the vibrating plate 
1 to arrange the divided electrodes 4 and 4 1 to always face a certain 
direction, thus increasing the cost. 

The present invention was made to overcome the aforementioned 
drawbacks of the conventional art. An example of the present 
invention is now described with reference to Figs. 3a and 3b. In 
Figs. 3a and 3b, the same components as those in Figs, la and lb 
are labeled with the same reference numerals as those in Figs. 
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la and lb and the description thereof is omitted. 



In Figs . 3a and 3b, 9 denotes a piezoelectric porcelain plate 
in the form of a circular disk. On a surface of the piezoelectric 
porcelain plate 9, that is opposite to a surface bonded to the 
vibrating plate 1, divided electrodes 10 and 10' are formed in 
a concentric manner with a gap provided by a separating space 11 
arranged therebetween. 

According to the piezoelectric remaining amount detection 
device of the present invention, a driving electrode is located 
to be symmetrical with respect to a central point of the vibrating 
plate 1. Thus, vibration of the vibrating plate 1 is generated 
symmetrically with respect to the central point and a stable output 
voltage can be obtained. Moreover, in a case where this detection 
device is used while being arranged to stand vertically, the 
magnitude of the output voltage is not changed in accordance with 
the orientation of the electrodes because the electrodes are 
symmetrical with respect to the central point. Thus, a constant 
level of the output voltage can be obtained. In addition, when 
the piezoelectric porcelain plate 9 is bonded to the vibrating 
plate 1, it is not necessary to consider the orientation of the 
divided electrodes 10 and 10 1 of the piezoelectric porcelain plate 
9. This makes manufacturing of the detection device easier. 

As described above, according to the present invention, a 
highly practical piezoelectric remaining amount detection device 
that allows the stable output voltage to be obtained, allows a 
constant level of the output voltage to be obtained without being 
affected by a state of attachment of the detection device, and 
can be easily manufactured. 
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4. BRIEF DESCRIPTION OF THE DRAWINGS 

Figs, la and lb are a plan view and a cross-sectional view 
of a conventional piezoelectric remaining amount detection device . 
Figs. 2a and 2b are diagrams explaining a drawback caused by a 
difference of a state of attachment of the conventional 
piezoelectric remaining amount detection device. Figs. 3a and 
3b are a plan view and a cross -sectional view of an exemplary 
piezoelectric remaining amount detection device according to the 
present invention . 

1 Vibrating plate 

9 Piezoelectric porcelain plate 

10, 10 1 divided electrodes 
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